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Sir: 

DIETER COTTER GRUENERT hereby declares and states: 
1. I received a Ph.D. degree in Radiation Biophysics in 1982 from 
the University of California, Berkeley. In an mtercampus program in 
Biophysics between the University of California, San Francisco, and 
• University of California, Berkeley, I performed research on DNA repair 
mechanisms at the Laboratory of Radiobiology and Environmental Health, 
University of California, San Francisco. I was a post-doctoral fellow in the 
Department of Carcinogenesis, Institut Suisse de Recherches Experimental 
sur le Cancer, from 1982 to 1984, where I performed research on regulation of ' 
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* , " n ^ - «*-*• of fte gene for Fanmnj , 5 

anetnia. From I984 to ^ , was , ^ ^ 

Inc., Berkeley, CA. 

Z FTOm 1986 t0 * e I"—* I have been at ft. University of 
CaHfomia. S a„ Francisco. CaHfomia, wHere , cunenuv » a metnoer of fte 
Progra m in Bioiosica. Sciences and a n, emb er of fte Graduate Progra m in 
Biotnedica, Science, AUo, I am a MetnHer of fte Graduate Group in Dral 
Bio iogy , a Mender of fte Graduate Group in Bi op„ y s te . an 
Manner of ft e Cardiovascuiar KesearcH ^ an ^ ^ ^ 
Residence in tHe Depart „ Uboratory ^ ^ ^ ^ 

Professor in tne Deparnnen, of Stotnatoiogv. and fte Co-Director of tHe UCSF 

Cene XKerapv Core Center. , Have presented m0 re ftan 80 invited iectures in 

*e fteids of ceHu.ar transformation inciuding rotes of oncogenes 

Additional , Have pu bIished _ 6Q ^ ^ ^ 

8 ene tHerapv including antise „ se ^ ^ 

— - transformation, gene agression. rol£s „, ^ ^ 

progression, dev.op.en, of egression sy5lems „ ^ ^ 

■nd-ding antisense suppression of gene Option and transition, inese 

radons inCude Wagner e, a,. oHgodeo^ucieotides to tHe 

cysnc f ibro5is u^norane relator inMHit c^vated Hut not 

«• -e pu b Hs„e d „ book ch ap,ers. review armies and editor m the 
«* - — ^formation and DNA repa , ^ , * 
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gene-targeting and gene therapy. Finally, 1 have published over 90 abstracts in 
the above fields. 

3. I have read the relevant portions of the Specification entitled 
MN Gene and Protein, Serial No.: 08/260,190 filed June 15, 1994 and the 
claims currently under consideration. 

(a) I declare that the in vitro results shown in the subject 
specification, for example at pages 65 - 67, reasonably predict in vivo 
therapeutic efficacy of MN antisense oligonucleotides for the following 
reasons. First, there is a strong association of MN gene expression with 
tumorigenesis. Second, transection experiments with MN sense and 
antisense constructs, in non-tumorigenic and tumorigenic cell lines, 
respectively, show that MN sense constructs cause non-tumorigenic cells to 
exhibit a transformed phenotype, whereas the antisense constructs cause the 
tumorigenic cells to have a very much lowered proliferation rate and to form 
smaller colonies than controls. Third, prior studies show that the in vitro 
effects observed in studies of other, structurally similar oligonucleotides, 
correlate with in vivo therapeutic effects. I will describe each of these points 
in more detail in sections 4-6 below. 

(b) I also declare that the in vitro screening studies shown 
would permit workers of skill in the art to select antisense MN 
oligonucleotides which would be therapeutically useful. I will describe each 
of these points in more detail in sections 7 and 8 below. 
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4. The Specification discloses the close association of MN gene 
expression axvd human cancer. Example 6, pages 109 - 111, Figure 9, described 
at pages 110 - 111, and Example 13, described at pages 123 - 132, present 
immunological studies which indicate that with the exception of the normal 
gastrointestinal epithelium, MM is expressed to a significant extent only in 
human cancer cells. This data is summarized in Table 3 at page 131. 

5. The Specification at pages 65 - 67, and at pages 133 - 137 describes 
the relationship between MN expression and cell growth. 

(a) The Specification at page 65 reports that, compared to 
control cells, transfection with a plasmid containing MN cDNA increased the 
proliferation rate and plating efficiency of CGLl cells, a human non- 
tumorogenic cell line. 

(b) A similar type of experiment using NIH 3T3 cells is 
reported in Example 15, described at pages 133 - 137. This cell line was 

appropriately chosen because of its prior successful use in studies of 
phenotypic expression of a number of proto-oncogenes. Findings described at 
page 136 showed that compared to control cells, MN-expressing 3T3 cells 
dispiayed spindle-shaped morphology and increased refracdlity, they were 
less adherent to the solid support, and they were smaller in size. 
Furthermore, the MN expressing cells lost the capacity for growth arrest and 
grew chaotically on top of one another (Figure 23 a-d). Moreover, MN- 
.ransfected 3T3 cells grew in soft agar. The data presented in Table 3 at page 
136 show that transfection with a plasmid containing MN cDNA decreased 



4 
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*. doubU„ s u™, ixvcr^ed saturation density, and increased doning 
efficiency of 3T3 ceUs cutnpared to ^ transited with the pSGSC plasmid 
no, containing MN cDNA. In contrast the control 3T3 ceils had fla , 
-rphoiosy sitnilar to parent NTH 313 ceUs. were a lig »ed with each other 
thus forming an ordered tnonolaye, ^ Aose ^ ^ ^ 
transfer with a piasndd containing MM cDNA confers uunorigenic 
properties upon a previously non-Uunorigenic ceil line. 

(O Converse!,,, the spedficauon at pages 65 - 67 described 
studies in which a plastnld containing an andsense MN cDNA had an 
opposite effect in a tuntorigenic ceU line. C GL3 . Cootpared to non,ransfected 
cells, the andsense,ra„sfe«ed tutnorigenic ceUs fomted sntalle, colonies and 
had a very m uch ,ower proliferation rate. Thus. , declare that the results 
front the transfecdon experiments reported in fhe specificadon with sense 
and antisense nucleic acids in non-tutnodgenic and tutnorigenic ceU lines 
shows that MN mim affects ^ „ u strong|y ^ 

tumorigenesis. 

Cd) The studies of CGL1 celU, 3T3 ceUs. and CGU celis each 
-ppor, .he contention that MN is an oncogene that can regulate the 

abnormal growth of cancer cells Th,,c r ^ t 

cer cells. Thus, I declare that the above-described 

-dies, in combination with the immunologic studies described above in 

paragraph 4 p rovi de a strong basis for expecting that inhibidng MN 

expression using anbsense oUgonudeoudes wouid ^ ^ ^ wth rf ^ 

expressing tumor cells. 
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l declare that i am aware of the published literature at the toe of 
filing the application, and that this literature generally taught the relationship 
between antisense oligonucleotide structure and efficacy of in vivo inhibition 
of the expression of any gene whose DNA sequence is known. [See for 
example, Zameauck, P.O., Prosper* <h, Anfegae Mh-W * M t^.-. |f 
Cancer and Aipg Wiley-Liss. Inc. New York. NY, USA; (1991). pages 1 - 6; 
cited on page 92 of the Specification.] The work of MirabeUi et aL. Anti- 
Cancer Pruy r*, ir n 6: 647^61 (1991), described some of the studies which 
demonstrated efficacy of antisense ODNs structure!* similar-to those of the 
present invention in inhibiting transcription of the oncogenes, c-myc. c-myb. 
BCL-2, and N-ras. Further, studies of Kitajima et al., SSSiS^lT^Z-lTK 
(1992). Ratajczak et al.. Pr W Na t . Acad Sri 89:11823-11827 (1992), Chlasson e, 
al.. Eur. [. Phjum- Mol. Pharm Sortior , -^451-453 (1992) and Wickstrotn e, 
al.. CancerJ^^.^ < 1992 , each support ^ ^ q( ^ ^ 

similar structure to MN antisense ODNs in treating diseases in vivo. 
Zamecnick, Ratejczak e, al., Chiasson et al.. and Wickstrom et aL were cited in 
the Specification or in the ^formation Disclosure Statement filed for this 
application. A copy of MirabelK et al. is appended to this declaration. Because 
of the strong correlation between MN expression and tumorigenesis, and 
because o, the structure, similarity between MN antisense otigonucleotides 
and oligonucleotides shown in the above-identified references to inhibit 
expression of other cancer genes and cetiular prolan in vivo, , declare 
that the in vitro inhibition of ceilular grow* by MN antisense nudeic acids 
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as shown at pages 65 - 67 is reasonably predictive of the efficacy of MN 
antisense oligonudeo tides in treating MN-expressing human cancer. 

7. The Specification also described a screening procedure using 
HeLa cells in vitro for selecting therapeutically useful antisense MN 
oligonucleotides. Example 10, described at pages 118 - 120, and Figure 3, show 
that MM antisense oligonucleotides suppressed MN gene expression in those 
human cancer cells. I am aware that the Specification contains a 
^ograpMcal/proofreading error at page 119 line 25, erroneously stating that 
there was an "increase" in MN expression with the combination of ODN1 
and ODN2 together. However, I declare that Fxgure 3C shows a decrease in 
MN expression, not an increase. 

8. I further declare that the published literature taught routine 
methods for designing, making, delivering, and evaluating oligonucleotides 
using for successful in vivo use. Thus, I declare that I believe that a worker of 
ordinary skill would be able to use the routine screening system described in 
Example 10 to select therapeutically useful MN antisense oligonucleotides. 
Based on the studies reported in the specification, it can be reasonably 
assumed that an MN antisense oligonucleotide which inhibits expression of 
MN protein in MN expressing tumorigenic cell lines, such as He La or CGL3 
cell lines, would be therapeutically useful. 

* I additionally declare that the disclosure of the M75 monoclonal 
antibody in the specification, and the deposit of the cell line VU-M75 under 
the Budapest Treaty at the American Type Culture Collection (ATCC) on 
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Sep " mbsr 17 ' 1991 A.TCC No. NB 11128 would have permitted a 
worker of ordinary skill in the art to determine the correct sequence of the 
MN cDNA and to design anusense oligonucleoSdes for therapeutic use The 
type of sequencing errors apparent from the original sequencing data, namely 
GC compressions, are not uncommon in the art. and are easily corrected, 
given the disclosure of a specific monoclonal antibody, such as M75. 

10. I declare further that ail statements made herein of my own 
knowledge are true and tha, all statements made on information and behef 
are believed to be true; and further that willful false stetements and the like 
so made are punishable by fine or imprisonment or bom. under Section ,001 
of Tide 18 of the United States Code and thaf such wiUnd ^ stalemems 
may jeopardize the vaiidity of the applicadon or any patent issuing mer eon. 



Date // / 

Dietfer 




m 
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In vitro and in vivo pharmacologic activities 
of antisense oligonucleotides 

C.K. Mirabeili, C.F. Bennett, K. Anderson & S.T. Crooke 

TSIS Pharmaceuticals, Inc., 2280 Faraday Ave, Carlsbad, CA 92008, USA 

Summary: The use of antisense oligonucleotide as pharmacologic agents is a 
denvatjve of the central dogma of molecular biology and knowledge of the physical 
and chemical properties that govern the structure of nucleic adds. Oligonucleotides 
nave been reported to inhibit the growth of a large number of viruses in cell 
culture, as well as the expression of numerous ocogenes, a variety of normal genes 
and transacted reporter genes controlled by several regulatory elements The 
therapeutic activity of antisense compounds in animal disease models have also 
been reported. 

This review provides some genera] conclusions and trends regarding the pharma- 
cologic action of antisense oligonucleotides, that can be formulated from studies 
previously reported in the literature. In addition, data is highlighted for two specific 
examples in which antisense oligonucleotides have demonstrated activity aeainst 
herpes viruses and intracellular adhesion molecule RNA targets. 

Introduction 

In the past few years, many papers have been published demonstrating the activity of 
numerous anttsense ohgonucleotides, of different sequences and chemical tvpe in a 
variety of cell-based systems. Recently there have been a number of excellem reviews 
thai have summarized the activities of Ihese compounds in detail fCohn 19S9 
Y£Z? t ? y r n ; "J* Cazenave * Hde.*. I99f). As such this reSw wi! n£ 
attempt to duplicate those comprehensive efforts; instead it will provide a brief 
summary of the activities of oligonucleotides in cell-based assays attempt to 
provde some general conclusions and trends that can be formulated from Tese 
S^- PUb ' ,S ^ dma -- ,n Jtfdtfen, this paper will provide examples of data 
compiled in our laboratories that relate to the pharmacological activities of ohos 
phorotluoate ohgonucleotides directed against cellular and infectious oiseas^targS 

Pharmacological activities in cell -based models 

Oligonucleotides have been reported to inhibit the growth of a large number of 
viruses in cell culture, as well as the expression of numerous oncogenes a ?S of 
normal genes and tmnsfected reporter genes controlled by several reauHto™ ell 

RNAs wIocct" 3 Vaded " ^ tyP " ° f ^ieo^c.eotides'uid'.he X° sea.^* 
rtSnAT fi? re S Cp , t .° r *W C « targeted and the conditions e.nploved Al- 

onK 11 * n&C u° f ol 'SO»«^otide concentrations have been used to reat ceHs 
only a few stud.es have reported detailed dose-rcsponse curves and clearlv S' 
rnented the purity of the oligonucleotides used. Table I sumnTonU ,h infon-iS 
from more than 40 papers in which oligonucleotides were tested I for ■ ptarSSSSS 

Correspondence: C.K. Mirahelli : — 

Recehid 24 July 1991; accrpted 7 August 1991 
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PHARMACOLOGIC ACTIVITIES OF ANTISENSE OLIGONUCLEOTIDES 651 



activities against a variety of viruses, oncogenes, host genes and transfected reporter 
genes. " r 

The data presented in Table I support only a few generalizations. First while 
phosphodiesters are rapidly degraded in biological systems, a number of investigators 
have reported activities for unmodified phosphodiester oligonucleotides in cells 
incubated in the absence of serum or in medium supplemented with heat-inactivated 
serum. When phosphodiester oligonucleotides have displayed activity, concentrations 
of more than 10 pM were required. The explanation for these activities is unclear. 
Considering the presence of endo- and exonucleases that are found within cells it is 
reasonable to think that these oligonucleotides would be degraded in the cell verv 
rapidly. Evidence from our laboratory demonstrates that in a number of routinely 
used cell lines phosphodiester oligonucleotides are degraded within minutes by 
nucleases found in the plasma membrane, cytoplasm and in nuclei (Hoke et at in 
press). ' 

Second, a variety of chemically modified oligonucleotides have been reported to be 
active in cell culture. Although considerable variation has been reported, phosphoro- 
ihioate oUgonucleotides appear to be more potent than methylphosphonate oligo- 
nucleotides. Conjugation of alkylators and interchelators to phosphodiesters and 
methylphosphonates has been reported to increase potency. Many of these modifica- 
tions have been positioned at either the 3' or 5' end of the oligonucleotides- 3' 
positioning is an attempt to increase stability to 3'-exonuclease. the predominant 
serum nuclease. Lipophilic and poly(i_-lysine) conjugates have also displayed en- 
hanced potencies presumably via some modulation of cellular pharmacokinetic 
characteristics. 

Third, oligonucleotides have demonstrated activities against a broad array of viral 
targets, oncogenes, normal cellular gene products and various transfected genes This 
air ^ of pharmacological effects clearly demonstrates the broad potential therapeutic 
applicability of these drugs. y 

Fourth although the data from studies included in Table I are limited, when it is 
combined with in vitro toxicologic data (Crooke, 1991), the therapeutic indexes of 
phosphorothioate oligonucleotides appear to be quite high. Initial data re*ardin« 
certain phosphoroth.oales of 20 and 21 nucleosides in length, targeted to Tiuman 
papilloma virus and herpes simplex virus, respectively, also demonstrate thai these 
compounds are extremely well tolerated in animals (Mirabeffi et a/., in preparation-) 
The effects of speafic base composition within an oligonucleotide, oligonucleotide 
length, specific chem.cal modifications in oligonucleotide and cellular parameters (i e 
cell type, cell cycle phase and stages of differentiation) on the potential toxicoUv 
and^non-antisense activities of these compounds are not yet clearly defined (Crooke. 

r™i'rf V tZ HU,e d r ta - ,hal SUpp0rt pu,a,ive n '«hanisms of action have been 
™Jhf, a „ ^ nera,, / at '°" s concerning precise mechanisms of action are not 
possible. A variety of mechan.sms have been proposed to explain the ultimate 
pharmacologic action of antisense oligonucleotides, all resulting from the hv 3 
tion of the drug with the complementary sequence within a target RNA These 

nT C R N rH^,« e , ,he d H iSrU , Pti ° n ° f ribo ^mal assembly and funetSn, iorL™ n "f 
rna c v • substr ate and subsequent cleavage of the target RNA, and di<ruption of 
RNA splicing processes or other RNA metabolic processed It is verv likely tin manv 
lemma mg ; mechanisms can be exploited for the cellular anion Van ™ n "e 
ol.gonuclcotides and that the mechanisms of a particular oligonucleotide are the resuh 
of the part.cular RNA and sequence target, the cell in which the drug is actir* a d 
the chemical structure of the oligonucleotides. " 
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Examples of an tf sense pharmacologic activities 

Our laboratory has demonstrated activities of oligonucleotide drugs against a number 
of molecular disease targets. Below is a brief summary of work on two targets- herpes 
simplex virus and a human cell adhesion molecule, TCAM-l. These data are reviewed 
in an attempt to provide examples of the antisense drug discovery process and the 
activities of antisense compounds directed against viral gene targets and host eene 
targets. 6 

Antisense oligonucleotides directed to herpes simplex virus R'NA targets 

In vitro activities. Smith & Smith (1986) first reported antisense inhibition of HSV 
replication using oligonucleotides targeted to the splice junction sequences of the 
HSV-1 1E4 and 1E5 pre-RNAs. It was later reported that increasing the length of the 
oligonucleotide increased the antiviral activity against HSV-1 (Kulka el at 1989) The 
most active oligonucleotide, a 12-nucleotide long oligomethylphosphonate." was 
directed against a splice junction covering six nucleotides in both exon and intron 
The potency of the compound was greatest when added at the time of infection 
\S" r Wl!h a 5 " t0 10 ~ fold reduction in potency when the oligonucleotide was 

added 1 h post-infection. A 20% inhibition in splicing was observed in oligonucleotide 
treated infected cells versus untreated infected cells. Conjugation of°tbe 12-mer 
oiigomethylphosphonate with a psoralen- derivative increased the potencv of the 
compound approximately 3~fold relative to the unconjugated compound However 
the psoralen conjugate required activation by UV irradiation following addition to the 
infected cells. 

A study by Draper et aL (1990) using phosphodiester oligonucleotides complemen- 
tary to two related region of the HSV-1 Vnrw 65 mRNA, reported that an 
oligonucleotide targeted to the translation initiation region effectively inhibited HSV-1 
replication. The other oligonucleotide was inactive, causing these authors to conclude 
that sequences within the same mRNA can exhibit differential sensitivities to 
antisense oligonucleotides. 

Our laboratory has designed and tested several oligonucleotides which are com- 
plementary to the translation initiation regions of several rnRNAs of HSV Oligo- 
nucleotides which target the HSV UL13 mRNA were found to be effective inhibitors 
of HSV replication, as measured in an infectious yield assay (Draper & Brown- 
Driver, 1991; Draper et a!., submitted). The protein encoded bv the UL13 gene hi 
been putatively identified as a phosphotransferase which may be involved in the 
phosphorylation of v,ral capsid proteins (Smith et of., 19S6; Stevely et a! 19S5) 
Prchminary screening experiments revealed that pho sph o roth ion te oligonucleotides 
H^ e H ,gn m Cam,y ?°o e P ot ™ lth ™ Phosphodiester and I niethylphosphonate olSonu- 
decides (Draper & Brown-Driver, 1991; Draper et al t submitted). One of the most 

££ "LS^*. CW,tta !f I IS1S 10S2 ' " 21 ~ mer P^^Pnorothioate olieonude* 
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ccHs suggesting that ISIS 1032 may inhibit expression of the UL13 % e proc net bv 
inducing RNAase H specific cleavage of UL13 mRNA. * product by 
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cells (Feigner et al.. if™ <2SteHriS 21 '^nsfection of DNA into 

liposomal delivery meth^in th e DNA £P ™l h °t differ from 
within th e liposome. but°£he? U LcSaSdtiS fiSSS^r 0 " enca "* ulated 
ionic mteractions. Preliminary data in certain Si lSf ? f . th . , ' pt f >me throu « h 
enhances cell association of oSonucleotL?a^ "J* 68 ? J, hal d O™A 

intracellular distribution of the SiironuclStSJ J ^™rkedly changes the 
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mechanism by which antSe ^SffiSSB'S^ Md 
knowledge this is the first report deW^f™t;«t .JT . G ^ i ^ 1 ' 1 ex P re »ion. To our 
oligonucleotide activity Z * ^ enhance antise ™ 
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chemical properties that govern the structure of nucleic acids. The practical evidence 
that antisense oligonucleotides can be drugs is a result of the work of a number of 
laboratories, including those cited in this review. 

Key to the continued progress in the field of antisense therapeutics is the 
realization that oligonucleotides and their RNA targets work via the same principles 
of pharmacology that govern the actions of all other classes of drugs. Considering the 
properties of drugs that define their pharmacologic value, such as ligand -receptor 
binding affinity and fidelity and realizing the intrinsic properties of oligonucleotides, it 
is very clear that these compounds have enormous potential value in treating human 
diseases. 

During the next few years a number of oligonucleotide compounds will enter into 
clinical trials. These first generation antisense drugs (e.g. phosphorothioates) will 
encounter many of the same issues and hurdles that confront all novel pharmaceutical 
agents; large-scale process development, adequate methods and tools to define clinical 
pharmacokinetics and metabolism, etc. Another important component of this process 
is the continued examination and definition of the molecular pharmacodynamics and 
pharmacokinetics of these drugs. We need to better understand how the structure and 
function of RNA defines the sensitivity of specific target sites to antisense oligonu- 
cleotides, the precise role of RNase H and other intracellular enzymes and proteins in 
the mechanism of action in oligonucleotides, the process by which oligonucleotides 
penetrate cellular membranes and distribute in cells, the non-sequence specific 
interactions that oligonucleotides can engage in both in and out of cells, and the 
metabolic pathways (both nuclease and non-nuclease) and metabolites that are likely 
to play a role, in the metabolism of antisense drugs. The combination of this 
molecular, cellular, and clinical information will allow us to better determine the 
specific molecular targets and diseases that can be successfully treated with the first 
generation of antisense drugs. As important, it will define the biology, chemistry, and 
pharmacology of second and third generation antisense drugs. 
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